This article investigates the determinants of the employment of foreign skilled workers by firms operating in Sub-Saharan African countries. We use cross section firm-level data on a large sample of foreign and domestic firms collected through the Africa Investor Survey 2010 by the United Nations Industrial Development Organization. We find evidence of a strong complementarity between foreign capital inflows and the employment of foreign skilled workers. Our results also indicate that interventions in improving the working regulation and skilled workers immigration regimes may stimulate foreign skilled workers transfer by firms, and thereby foreign direct investments.
Introduction
Increasing global interaction between developed and developing economies has spurred a number of studies on the links between international factor flows. Most of these studies have investigated the complementarity/substitutability between FDI from developed to developing countries and migration flows in the reverse direction. Yet, FDI towards southern countries also generates inflows of foreign skilled workers, a potentially crucial ingredient for future economic performance. In 2010, north-south migration represented 3% of international migration; 1 thus about 7 million of people from developed countries were living in developing correlation between the skilled emigration rate and the stock of inward FDI is about −11.91% for the year 1990, about −13.32% for 2000 and about −14.23% for 2010. These correlations suggest that further analysis of the relation existing between capital and skilled labour flows to and from SSA countries is needed.
In the present article, we investigate the determinants of the employment of foreign skilled workers by firms operating in SSA. We use firm-level data collected through the Africa Investor Survey 2010 of the United Nations Industrial Development Organization (UNIDO), across 19 SSA countries (United Nations Industrial Development Organization, 2012) . This database presents a set of domestic and foreign firms. The sample includes firms operating in the three main sectors of the economy (agricultural, manufacturing and tertiary sector), with a description of their labour force composition in terms of skills (low-, medium-and high-skilled workers) and origin (native and foreign workers). 6 In our study, we find support for complementarity between FDI and skilled migration towards SSA countries. It implies that foreign firms increase the flow of human capital towards their investment destination countries by attracting foreign skilled workers. Our results also indicate that the lack of skilled labour in the destination country induces firms to employ more foreign workers. We find that, over time, foreign firms tend to favour native over foreign skilled workers, in countries more abundant with skilled labour. This result suggests that a replacement of foreigners by natives takes place only when foreign firms find the appropriate skills on the local labour market.
In addition, firms aiming to serve the domestic-market demand more native skilled workers. It suggests that market-oriented firms exploit the capabilities of natives in managing local environment issues, and their knowledge of the language and consumer tastes. We also find a lower usage of foreign skilled workers by foreign firms engaged in joint-venture partnerships with local firms, when compared with majority-owned foreign firms. This result suggests that partner firms share the right to appoint their own key personnel in high managerial and control positions. In joint ventures, foreign firms have less discretion to appoint their own workers in top positions. Finally, destination country characteristics can determine the easiness and willingness of foreign workers to migrate towards SSA countries. In particular, we find that an efficient working regulation and a loosen immigration policy regime have a positive effect on foreign skilled worker transfers.
The contribution to the literature of this article is twofold. First, we provide evidence on the determinants of skilled migration towards less developed countries, contrarily to the bulk of existing literature which has focussed on the opposite south-north direction. Second, we shed light on the complementarity between FDI and migration using a firm-level analysis in an area of the world, SSA countries, on which only few contributions exist. Our firm-level approach is quite unique in the literature and allows us to exploit the high degree of heterogeneity of firms in their employment decisions.
The rest of the article is organised as follows. In Section 2, we better position our work in the economic and the management literature. In Section 3, we present the data, especially the UNIDO Africa Investor Survey 2010, and some descriptive statistics. In Section 4, we present our econometric model and the variables of interest. In Sections 5 and 6, we present our main results and some robustness checks. Section 7 concludes.
Related literature
This article contributes to the economic literature analysing the FDI-migration nexus. At first, researchers have been studying the impact of migration on FDI. Some empirical studies emphasise that migration networks spread information between their origin and their host countries, which strengthens bilateral economic relations. See Rauch (2001) , Dolman (2008) , Docquier and Lodigiani (2010) and Beine et al. (2011) for their empirical papers and Aubry et al. (2012) for their theoretical framework and empirical validation.
Furthermore, skilled migration towards developing countries can contribute to improve the quality of FDI inflows towards those countries. As evidenced by Noorbakhsh et al. (2001) , the level of human capital in the FDI recipient country is an important determinant of FDI. The authors find that a significant level of human capital does help to raise the volume, but also the quality of inward FDI (by directing FDI towards high value-added industries). The complementarity between capital and skilled labour is evidenced, among others, by Djiofack et al. (2014) who show for the Cameroonian economy that skilled emigration has a negative impact on productivity. Thus, skilled immigration could alleviate skill constraints faced by firms operating in developing countries.
Researchers now consider the reverse causality, i.e., the effects of FDI on migration flow. The literature shows that FDI entering a developing country generates externalities which can either lessen south-north migration-FDI may participate to the economic development of the migrants' origin country-or strengthen south-north migration-by maintaining or/and creating jobs in the receiving countries, and by conveying information about migration opportunities, FDI may relax the budget constraint of would-be migrants. See the empirical contributions of Aroca and Maloney (2005) , D'Agosto et al. (2006) and Sanderson and Kentor (2008) .
Few papers deal with the impact of FDI on skilled migration towards FDI recipient countries. To the best of our knowledge, only one theoretical paper can be related to this issue. Jayet and Marchal (2015) show that capital and skilled migration flows are complements. They develop a theoretical framework analysing the impact of capital flows on migration of highand low-skilled workers between a northern region and a southern region. The northern region is assumed to be well endowed with capital and skilled labour, and the southern region well endowed with unskilled labour. Two sectors are assumed: a traditional sector which is labour intensive, and a capital intensive sector. The technology of the capitalist sector requires both qualified and unqualified workers. Upon these assumptions, they find a relation of complementarity between capital and skilled labour flows, and a relation of substitution between capital and unskilled labour flows. On the one hand, when capital flows from the north to the south in search of a higher remuneration, it increases the capital stock of the recipient country. This increase in capital strengthens the demand for skilled labour, as the recipient country of the investment lacks skilled labour. Thus, skilled workers flow from the north to the south. On the other hand, when capital is invested in the north, skilled workers remain in the north but unskilled workers migrate to the north as the northern country lacks unskilled labour.
The literature on skilled migration is also related to the management literature analysing expatriation within the strategy of MNEs. A large set of papers explains how MNEs use transfers of skilled workers between their establishments to manage specific activities: the control and the co-ordination of their subsidiary operations, or the transfer of tacit knowledge (Tsang, 1999; Bonache et al., 2001; Kogut and Zander, 2003; Williams, 2007) . Peterson et al. (1996) using a survey realised in 1992 on 29 MNEs find that intra-firm transfers of managers represented between 1 and 2% of the MNEs' labour force. There has been no survey conducted in the recent years giving relevant quantitative information on the use of expatriation by MNEs.
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A recent survey ranks the most relevant reasons that motivate MNEs to use expatriates (Brookfield, 2010) . Among the top ranked assignment objectives are: 'to fill a managerial skills gap' (22% of the respondents), followed by 'filling a technical skills gap' (21% of respondents) and 'transfer knowledge' (16% of the respondents). Thus, the availability of skilled workers in the investment destination country possibly reduces the use of skilled expatriates by MNEs.
On that matter, Tung (1982) observes that subsidiaries established in developing countries employ less local managers compared with those established in developed countries; the main reason being the lack of skilled workers in developing countries. Then, some evidence suggests a positive relation between technological and managerial intensive activities and the expatriation of high-skilled workers, in countries where there is a shortage of skilled labour. In particular, several papers consider the research and development (R&D) content of the firm and the complexity of their environment, as two crucial determinants of expatriation (Boyacigiller, 1990; Delios and Bjorkman, 2000; Harzing, 2001) . The R&D content of the investment, when it is employee-embedded, may explain the need of MNEs to transfer this knowledge to the subsidiary through expatriates. Delios and Bjorkman (2000) measure the technological capabilities of the firms by their R&D expenditure with respect to their total exports. They find evidence that the technological sophistication of Japanese subsidiaries positively affects the use of expatriates when localised in China, conversely to subsidiaries localised in the USA. They argue that the skilled labour endowment in the USA could entail a larger employment of host-country nationals.
Finally, in addition to the benefits induced at the firm level, transfers of skilled workers may also produce important knowledge spillovers for the local environment. In particular, Gong (2003) shows that foreign skilled workers may transfer technological and managerial capabilities to local workers through training activities. These positive knowledge spillovers amplify as the trained local workforce and foreign skilled workers get hired by domestic firms. Görg and Strobl (2005) find that in Ghanaian firms, workers who were previously hired by a MNE are more productive than those who were previously employed by a domestic firm. The authors attribute this larger productivity to the industry-specific knowledge gained by the employees while working for a MNE.
Data and descriptive statistics
In this article, we use firm-level data from the UNIDO Africa Investor Survey 2010, 8 referring to the year 2009. The survey contains information on 6,484 firms in the agricultural, 7 A survey realized in 2003 and 2004 reports that the 134 respondent firms managed 31,215 expatriates out of a total work force of 4.5 million of employees (Brookfield, 2004) . Nonetheless, the survey does not report the size of the firms which makes difficult the assessment of the importance of expatriation. 8 Among others, this database has been used by Amendolagine et al. (2013) Table 2 shows that domestic firms employ in average less foreign workers (1.43% of their total workforce) when compared with foreign firms (9.09%). This is the case for low-, medium-and high-skilled workers. Domestic and foreign firms are similar in term of age, while foreign firms are in average larger than domestic ones in terms of size measured by the total full-time workforce (respectively, 87 and 195 employees). As we expected, there are huge differences in capital intensity between domestic and foreign firms. The latter have, on average, an asset/employee ratio almost 15 times larger than domestic firms. Moreover, foreign firms are more export-oriented than domestic firms. Sales of foreign firms on foreign markets, on average, amount to almost 18% of overall sales, while for domestic firms this share is only 6%. Regarding the sectoral repartition, there is no big difference between domestic and foreign firms. When compared with domestic firms, foreign firms are 9 We exclude firms offering financial services from our analysis. 10 Burkina Faso, Burundi, Cameroon, Cape Verde, Ethiopia, Ghana, Kenya, Lesotho, Madagascar, Malawi, Mali, Niger, Nigeria, Mozambique, Rwanda, Senegal, Uganda, United Republic of Tanzania and Zambia. 11 We exclude Cape Verde, Niger and Rwanda from our analysis, as one macro control variable important for our analysis is not available for these countries. 12 We define northern firms as enterprises originating from a high-income economy such as defined by the World Bank, i.e. with a GNI per capita in 2012 equal to or higher than US$ 12,616. more engaged in the primary and hard manufacturing sectors. Domestic firms instead are more engaged in light manufacturing and service sectors.
Model and specification
Our empirical analysis aims to shed light on the employment of foreign skilled workers by firms established in SSA countries. The complementarity between capital and foreign skilled workers has two simple implications at the firm level: (a) capital intensive firms should hire more foreign skilled workers and (b) firms should employ more foreign skilled workers when localised in a country lacking skilled workers. We have no information on the origin country of the foreign workers in the UNIDO Africa Investor Survey 2010. Hence, as Jayet and Marchal (2015) , we assume that foreign skilled workers are likely coming from economies where the stock of high-skilled workers is relatively more important than in SSA countries. Regarding foreign firms, especially subsidiaries and joint ventures, part of their foreign skilled employees may be expatriates coming from the country of their headquarter. This hypothesis is in line with the literature on intra-firm transfers of high-skilled workers (Peixoto, 2001) . Also, skilled workers less likely come from neighbouring African countries. The literature on south-south migration shows that concerned migrants are mainly low-skilled workers (Shaw, 2007; Ratha et al., 2011) .
Our data imply three cross-section dimensions, the reporting firm n with n ¼ 1; :::; N, the investor's origin country i with i ¼ 1; :::; I and the firm's operating country j with j ¼ 1; :::; J. In the case of a domestic firm i = j. We use a negative binomial model, in particular, the meandispersion model referred as NB2 (Greene, 2012) to estimate the determinants of the employment of foreign skilled workers. The model is specified as follows:
Our dependent variable is denoted by y nij and represents the number of foreign high-skilled workers. x nij denotes a vector of regressors. Γ denotes the Gamma function and θ is the dispersion parameter. The unconditional mean of this model is Eðy nij jx nij Þ ¼ λ nij , and the unconditional variance is Varðy nij jx nij Þ ¼ λ nij ½1 þ ðλ nij =θÞ: 13 Let us define the vector of regressors as
Then, the unconditional mean which we estimate is given by
where the main explanatory variable is ln K nij and denotes the logarithm of the capital intensity of the firm, and the main control variable is Skill j and denotes the endowment of skilled 13 In other words, the NB2 model is an extension of the Poisson model to which we add a stochastic term. Let us denote our conditional distribution function by PrðY ¼ y nij jx nij ; u nij Þ and the corresponding conditional mean by E ðy nij jx nij ; u nij Þ ¼ λ nij þ u nij ; where u nij ¼ expðε nij Þ and denotes the stochastic part of the function, and e nij denotes the error term. If u nij ¼ 0; then our model consists in a Poisson model. If we assume u nij has a Gamma density function, we obtain a NB2 model and we can write the unconditional distribution function as in Equation (1).
labour in the firm's operating country. We include two vectors of control variables of dimension 1 × k. Firm 0 nij considers the firm's characteristics, and MacroControls 0 j is a set of covariates related to the investor's origin country and the operating country of the firm. β 0 is a constant term, β 1 and β 2 are parameters to be estimated and γ 1 and γ 2 are vectors of parameters to be estimated.
Hereafter, we detail the dependent and explanatory variables. The source and definition of each variable are presented in Appendix A.2. Correlation matrices of covariates are presented in Appendix A.3.
The dependent variable
y nij refers to the number of foreign high-skilled workers employed by the firm n which originates from country i and operates in country j.
14 We refer to foreign high-skilled workers as full-time foreign workers employed in managerial, technical or supervisory positions. This dependent variable is a discrete count variable, directly measured by the questionnaire of the UNIDO Africa Investor Survey 2010. Note that a large number of firms do not employ foreign workers. It implies a high number of zeros on the left-hand side of our equation. In the sample, about 54.31% of firms do not hire foreign workers, about 61.89% do not employ foreign high-skilled workers. The decision of some firms to employ no foreign skilled workers is not assumed to be qualitatively different from the decision to employ foreign workers. Thereby, using a negative binomial model allows us to include the zeros in our analysis, and to account for the over-dispersion of the dependent variable. A preliminary analysis showed that with respect to the likelihood-ratio test, the negative binomial distribution gives a better result than the Poisson distribution.
Explanatory and control variables
Our main explanatory variable is the capital intensity of the firm (ln K nij ). It denotes the logarithm of the value of fixed assets per employee in the last financial year. We expect capital intensive firms to use more foreign skilled workers when compared with low-capitalised firms.
Our main control variable is the endowment of skilled labour in the firm's operating country (Skill j ). It is approximated by the level of higher education and training (5th pillar), from the Global Competitiveness Report 2009 (Schwab, 2009 ). This proxy measures both the enrolment ratio and the quality of education. It also takes into account vocational and on-the-job training which is relevant for the business community. This indicator allows us to keep 16 over 19 SSA countries in our study. We expect firms localised in a country having a relatively low index, to employ more foreign skilled workers in order to compensate this skilled labour shortage.
The richness of the UNIDO Africa Investor Survey 2010 allows us to include a large set of micro control variables that may affect the employment of foreign skilled workers. In 14 The question asked to the firm in the UNIDO questionnaire was the following: 'How many of the total permanent full-time employees were: Production/manual/sales workers, Technical/supervisory/managerial staff, Clerical/administrative staff?' For each skill category, the firm was asked to report the total number of workers and the number of foreigners.
particular, for foreign firms we include variables that could influence intra-firm transfers of skilled workers. ln Size nij denotes the logarithm of the size of the firm. The size is measured as the average number of full-time employees in the firm. 15 ln Age nij denotes the logarithm of the age. It is measured by the lapse of time between the year of the investment or the firm's creation and the year of the survey (2009). We expect older firms to employ more local employees, as they should be more integrated into their local environment. Over time, firms are expected to gain knowledge on their institutional and business context (Wilkinson et al., 2008) . MultiPr nij is a dummy variable taking the value of 1 when the firm produces at least four products. ln Exp nij represents the logarithm of the export intensity of the firm, which is measured by the value of exports with respect to total sales. The management literature supports the idea that multiproduct firms and export-oriented firms may employ more foreign expatriates to deal with the complexity of the production and distribution process (Peixoto, 2001 ). Thus, we expect these types of firms to employ more foreign high-skilled workers. Finally, we include 18 industry dummies to control for the sector of activity of the firm. We also use country dummies controlling for the operating country of the firm. These dummies capture possible countryspecific restrictions regarding the employment of foreigners.
The following variables are foreign firm specific: Green nij is a dummy variable relating the entry mode of the foreign firm, which takes the value of 1 in case of a greenfield investment and 0 in case of an acquisition of an existing firm. According to Harzing (2001) and Peixoto (2001) , start-up businesses require a larger employment of managers and technicians. Thus, we expect greenfield investments to be positively related to the employment of foreign skilled workers. Sub nij and JV nij are dummies accounting for the type of foreign investments, making the distinction between subsidiary firms, joint-venture firms and foreign individual investments. Finally, we may include dummies controlling for the origin country or the origin region 16 of the foreign investor.
We also consider a set of macro variables such as demographic and economic characteristics of the firm's operating country.
GDPcap j denotes the GDP per capita in purchasing power parity of country j in 2009, in constant international dollars of 2011. It is a proxy for the level of wealth of the country. ln Pop j represents the logarithm of the population of country j in 2009 and is a proxy for the market size of the country. We expect these two variables to impact positively the use of foreign workers, as they are known to be pulling factors of both FDI and migration (Buch et al., 2006 an ambiguous effect on the employment of foreign high-skilled workers. On the one hand, a high degree of insecurity and corruption is an incentive for a foreign firm to employ reliable workers from its origin country. On the other hand, it is an incentive to rely on local employees who have a better knowledge of the local environment. ln MigStock j denotes the logarithm of the stock of international migrants in country j in 2005. This variable controls for the possibility that some foreign workers employed by the firm were already part of the population of migrants residing in country j. It also controls for the fact that migration networks foster new migration. Open j denotes the freedom of foreigners to visit the country in 2009. We expect countries with soft regulations to attract relatively more foreign workers who may easily receive visit or migrate with their relatives. LabReg j denotes the hiring regulations in the country in 2009. The effect of strong hiring regulations on the employment of foreign workers is ambiguous. On the one hand, a country ensuring workers protection may attract foreign workers, but on the other hand regulations may limit the employment flexibility of the firms.
Empirical results
In Table 3 , we report the results of our baseline estimations for the sub-sample of foreign firms. Column (2) presents our baseline specification. We observe a positive and highly significant effect of the capital intensity of the firm on its employment of foreign skilled workers. In specification 2′, the marginal effect shows that an increase in the capital intensity by 1% induces an increase in the use of foreign skilled workers by 0.222 unit. This result suggests a relation of complementarity between the technological content of the investment and the employment of foreign high-skilled workers. 17 It also corroborates the tendency of capital intensive firms to protect their know-how using intra-firm transfers of employees (Argote and Ingram, 2000) . This complementarity result is robust after controlling for the firm's sector of activity, which captures industry differences in the usage of high-skilled workers. In some specifications, we introduce destination country dummies and origin region dummies in order to control for origin and destination country factors that may influence the complementarity relation. In specification 4, we carry out a more detailed investigation by introducing in the estimation origin country dummies. In all specifications, results on the capital intensity variable do not change significantly. Then, we find strong support that the availability of skilled workers in the firm's operating country has a negative and highly significant effect on our dependent variable. In countries relatively more endowed with skilled workers, ceteris paribus, firms rely more extensively on the native skilled workforce, employing less foreign skilled workers. This result is in line with what predicted by Jayet and Marchal (2015) . In addition, as stressed by the expatriation literature, the availability of skilled workers in the investment destination country reduces the use of costly expatriates by MNEs.
17 Although our study focuses on foreign high-skilled workers, we expect to find a higher degree of complementarity between the capital intensity of the firm and its use of foreign high-skilled workers when compared with its use of foreign low-skilled workers. We refer to foreign low-skilled workers as full-time foreign workers employed in production, manual and sales activities. In line with what expected, further tests have shown that the complementarity is much stronger between the firm's capital intensity and its use of foreign high-skilled workers. The results are presented in Appendix A.4. 
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FDI and Migration of Skilled Workers Towards Developing Countries
We observe a positive relation between the export intensity of the firm and its use of foreign skilled workers. This result might be due to the fact that exporting firms use foreign qualified workers who have a better knowledge of international markets when compared with native workers. Richards (2001) asserts that expatriates, rather than local managers, are more appropriate to deal with international consumers since they have more international experience. In contrast, domestic-market-oriented firms extensively employ local skilled workers who have a good knowledge of the language, and local tastes and customs (Peixoto, 2001 ). Furthermore, we find that foreign investors forming a joint venture with a local partner use less foreign skilled workers than foreign individual investors. Wang et al. (1998) note that in a joint venture, the foreign partner has less discretion to appoint home country nationals in control and management positions. Finally, we find weak evidence that firms making greenfield investments use more foreign skilled workers when compared with those making brownfield investments.
18 Gong (2003) argues that, over time, foreign firms tend to replace their foreign technical and managerial workers with local employees. For instance, a subsidiary employs a high number of expatriates in the early phase of establishment to set up and manage the production process. Over time, the role of expatriates tends to decline since the firm engages in local staffing development in order to build the necessary human resource capacities (Peng and Beamish, 2014) . Interestingly, in most of our specifications, we find that the age of the firm has no significant effect on the use of foreign skilled workers. This result could be related to the very low-skilled labour endowment in SSA countries which may prevent firms to fill positions with well-qualified local workers. If this intuition is correct, we expect firms operating in countries which are better endowed with skilled workers to employ, over time, more local skilled workers. To test this intuition, we use an interaction term between the age variable and the skilled labour endowment proxy (specification 5). The result shows a negative and highly significant effect of the interaction on the number of foreign skilled workers. In Figure A1 , Appendix A.5, we decompose the average effect measured by the coefficient, highlighting its significance by levels of skilled labour endowment at country level. We find that the length of operation in the operating country has: (a) a positive effect on the employment of foreign skilled workers when the skilled labour endowment in the operating country is Notes: Standard errors in parentheses. Column (2′) presents the marginal effects at the mean values of the predictors based on specification 2. ***, ** and * denote significance at the 1, 5 and 10% level, respectively.
18 Most foreign investments flowing to SSA countries are greenfield (86% of investments). Hence, the result might be conditioned by the low variability of this covariate.
relatively low (for about 20% of the observations); and (b) a negative effect on the employment of foreign skilled workers when the skilled labour endowment in the operating country is relatively high (for about 22% of the observations). Thereby, over time, the substitution of foreign by native skilled workers is relevant for firms located in SSA countries which are the most abundant in skilled labour, while firms operating in countries with low endowment of skilled labour use extensively foreign skilled workers. Finally, it is worth noting that the dummies controlling for the sectors of activity of the firms show the expected effect on the use of foreign skilled workers. Although not reported in the estimation tables, we find that, when compared with the agricultural and fishery sector, highly capital intensive sectors use a higher number of foreign skilled workers. Specifically, these sectors include mining and quarrying, machinery and equipment, construction, retail and motor vehicles sales. In addition, looking at zone dummies accounting for the origin region of the foreign investor, we find that when compared with Western European firms, firms coming from China, Asia and North America employ significantly more foreign highskilled workers, while firms coming from Middle East and North Africa employ significantly less foreign high-skilled workers. These differences can be due to the organisational mode that can be specific to the foreign investor culture. Looking at the marginal effects, Asian firms and especially Chinese firms seem to employ a higher number of foreign skilled workers in SSA countries when compared with other firms. In specification 2′, we find that a discrete change in the predicted probability of being an Asian (a Chinese) firm increases the use of foreign skilled workers by 1.298 (1.737) unit.
In Table 4 , we follow our analysis looking at domestic firms. Our intuition is that both foreign and domestic firms have to cope with the scarcity of skilled workers in their operating country. For both types of firms, we find that the capital intensity affects positively the use of foreign skilled workers. The results show that the effect is stronger for foreign firms. A marginal increase of the capital intensity by 1% entails an increase in the use of foreign skilled workers by 0.222 unit for foreign firms, while it only entails an increase by 0.0433 unit for domestic firms (specification 1′). The stronger effect for foreign firms may be related to the larger access to qualified workers these firms have when compared with domestic firms. For instance, a foreign affiliate, as an alternative to recruit in the local labour market, may also receive qualified worker transfers from its foreign parent company.
In Table 5 , we report the results of specifications including a set of host-country characteristics. As we expected, the stock of international migrants in the destination country is positively associated with the employment of foreign skilled workers. On the one hand, firms may employ foreign workers already present in the country, on the other hand migration networks may foster immigration of new workers. The degree of openness of the country in terms of freedom to visit for tourists and business purposes is positively related to the use of foreign high-skilled workers. This variable is a proxy for the easiness of establishment of foreign workers and their families in the destination country. The result corroborates the work of De Smet (2013) , who shows that the easiness to employ or transfer foreign skilled workers depends on visa restrictions and bureaucratic procedures to obtain a work permit. In specification 5, we include a variable capturing the adequacy of the host-country hiring regulations. We find that a better system of protection of workers' rights affects positively the employment of foreign qualified workers. The result suggests that generating a favourable working environment is important to attract foreign skilled workers. Finally, in specification 4 we include an index measuring the corruption level in the destination country. That being said, we do not find a significant effect of this variable on the employment of foreign skilled workers.
Robustness and endogeneity concerns
Robustness checks
We realise different robustness checks using alternative specifications and alternative empirical models. Results are presented in Table A6 , Appendix A.6. In specifications 1 and 2, we approximate the endowment of skilled labour in country j with two alternative proxies: the gross enrolment ratio in the secondary and tertiary education from the World Development Indicators of the World Bank (2014) ðSkill2 j Þ, and the Barro and Lee (2013) index that measures the completed secondary and tertiary education over the age of 25 ðSkill3 j Þ. 19 We observe that the sign and the significance level of our main variables remain stable, though we find smaller coefficients for the skilled labour endowment proxies. When compared with our initial proxy, these proxies might be more restrictive to approximate the level of Notes: Standard errors in parentheses. Column (1′) presents the marginal effects at the mean values of the predictors based on specification 1. *** and ** denote significance at the 1 and 5% level, respectively.
19 Using this index decreases the number of SSA countries considered in the analysis from 19 to 14. Missing countries are Burkina Faso, Cape Verde, Ethiopia, Madagascar and Nigeria.
human capital of a country. In developing countries, excluding on-the-job training potentially eliminates a large share of the actual skilled labour stock. Second, we test the sensitivity of our analysis to the type of empirical model chosen. As our model presents a large number of zeros, we estimate our baseline equation using a pseudo Notes: Standard errors in parentheses. *** and * denote significance at the 1 and 10% level, respectively.
Poisson maximum likelihood model (Santos Silva and Tenreyro, 2006 ) (specification 3). We include dyadic independent variables as the distance between the investor's origin country and the operating country of the firm ðln Dist ij Þ and a dummy variable taking the value of 1 if the investor origin country and the operating country of the firm share the same primary official language ðLang ij Þ. In addition, we estimate our baseline specification using a corner solution Tobit model (specification 4). Although this model is more appropriate to continuous dependent variables, it can be used as a robustness test for count data models (Greene, 2012) . We find that the sign of the coefficients and the significance level of the main variables are not sensitive to the empirical model chosen.
Endogeneity concerns
One concern related to our estimation strategy is the possible endogeneity between our dependent variable and the size of the firm measured as the total number of full-time employees. In fact, staffing decisions (number of employees and foreign skilled workers) could be simultaneously taken by the firm. Nevertheless, we need to control for the size of the establishment as it affects directly the number of foreign high-skilled workers needed in the production process. To address this issue, we adopt a two-step IV technique estimated by an exponential generalised method of moments (GMM) in order to instrument the size of the firm. The results are presented in Table A7 , Appendix A.7.
We first use as instruments the number of full-time low-skilled workers employed by the firm, and the operational costs faced by the firm in the last financial year (specification 1). The number of low-skilled employees is sufficiently correlated with the overall size of the firm (correlation around 86%) and does not include the number of foreign high-skilled workers. Functionally, the number of low-skilled employees should not depend on the nationality of the firm's skilled workers. Hence, we assume this instrument is not correlated with the dependent variable. Although the total number of high-skilled workers used by the firm could be to some extent functionally correlated with the number of low-skilled workers (complementarity or substitution in the production process), we claim that this degree of correlation is less serious if we consider only the foreign skilled workers (it is a sub-sample of the whole skilled workers sample). In this respect, endogeneity could be more relevant in extreme cases when the whole skilled workforce of the firm is composed by foreign skilled workers. However, although not reported in the table, results do not change if we drop these firms from the estimation. With the second instrument, we assume that the operational costs such as rent, telecommunication and establishment maintenance are correlated with the size of the firm (correlation is around 19%), but not with the number of foreign skilled workers. We perform a Hansen J test to test the exogeneity of the instruments. It is not significant ( p = 0.1685), confirming the orthogonality of at least one instrument.
Additionally, in specification 2 we test a second set of instruments, i.e., the number of midskilled workers and the previously used operational costs. The total number of mid-skilled workers (desk clerks and administrative staff ) are correlated with the size of the firm but less seriously correlated with our dependent variable. Contrarily to low-skilled workers, in most of the firms mid-skilled workers are not part of the production process since they cover administrative functions within the firm. Again, the Hansen J test ( p = 0.2697) confirms that at least one instrument is exogenous. In all IV estimations, the results on the variables of interest remain robust.
Conclusion
The attraction of foreign human capital and containment of the 'brain drain' phenomenon is of crucial importance for poor countries. In fact, FDI promoting skilled worker transfers increases the human capital base of destination countries, creating preconditions for future economic development. In this article, we investigate the determinants of the employment of foreign high-skilled workers by domestic and foreign firms operating in less developed countries, poorly endowed with skilled labour such as Sub-Saharan African countries. In particular, we look at the complementarity between the capital intensity of the firm and its use of foreign qualified workers. We use a cross section dataset built from the Africa Investor Survey 2010, including 16 SSA countries. We exploit both firm and country characteristics to analyse the choice of the firm to hire either a foreign or a native high-skilled worker.
We derive four main results from our analysis. First, at the firm level, after controlling for the availability of skilled labour in the firm's operating country, we find that the capital intensity of the firm positively impacts its use of foreign skilled workers. We find similar results for both foreign and domestic firms, although the relation of complementarity between the capital intensity and the employment of foreign skilled workers is stronger for foreign firms than for domestic ones. Foreign firms are typically more capital abundant, hence more likely to develop job opportunities for skilled workers than for domestic firms.
Second, we find that the availability of skilled workers in the firm's operating country has a negative and highly significant effect on its use of foreign skilled workers. In countries relatively more endowed with skilled workers, over time, firms rely more extensively on the native workforce, employing less foreign skilled workers. In other words, we find that firms tend to substitute foreign by native workers when they get more integrated into their local environment.
Third, our results suggest that firm partnerships and especially joint ventures employ more native workers when compared with other types of firms. The same result is found for domestic-market-oriented firms which get more locally embedded than exporting firms, and therefore foster domestic employment.
Fourth, our study sheds light on the degree of substitution between natives and foreigners. The fact that both foreign and domestic capital intensive firms hire foreign skilled workers suggests that foreign and native workers are not perfect substitutes. Firms aiming to access to specific skills are obliged to recruit foreign skilled workers. This is very likely to happen in SSA countries. Thereby, our study recommends some policy interventions aimed at increasing the human capital base in SSA countries. Our analysis suggests that governments implementing policies to attract FDI may adopt appropriate measures to satisfy the increase in demand for skilled workers boosted by foreign capital inflows. In the short run, governments may want to facilitate the immigration of skilled workers in order to reduce the skilled labour shortage. For instance, governments could adopt simpler procedures for the free movement of foreign employees, and implement reliable and suitable working regulations. In addition, governments could invest in education and training in order to increase the stock of human capital in their country. Over time, this strategy would, to some extent, stimulate the substitution of foreign by native skilled workers.
Then, SSA governments which want to enhance job creation for native skilled workers may want to favour joint ventures over other types of foreign investments, domestic-oriented firms over export-oriented firms and capital intensive sectors over other sectors of the economy. Here, it seems important to mention that our analysis does not consider the potentially important spillovers of immigration. Governments may consider, in parallel to policies favouring domestic employment, that immigrants stimulate the economic activity of their host country, by creating trade and investment opportunities between their host and origin countries.
Furthermore, policies attracting FDI in SSA countries could prevent the emigration of qualified workers, or favour the return of those who migrated towards northern economies. Thus, the establishment of foreign firms could reduce the brain drain faced by SSA countries, especially if foreign firms have a preference for native workers. FDI inflows could even induce a brain gain effect if they attract young qualified workers from northern economies.
Finally, we find that Asian and especially Chinese firms tend to use more foreign skilled workers than other foreign firms. In light of the current increasing inflows of Chinese and Indian FDI in Africa and the ongoing debate on the poor degree of local integration of these firms (see Morrissey2010 on that matter), our results suggest some concrete recommendations. SSA governments may ease transfers of foreign skilled workers (but not necessarily transfers of foreign unskilled workers) by Asian and Chinese firms in order to allow them to settle more easily and to alleviate a potential skilled labour shortage in the short run. However, governments could use regulations to encourage these firms to substitute foreign by native skilled workers as they become more integrated into their local environment. In that context, it seems that the immigration of skilled Asian workers would be beneficial for the development of SSA. A.4. Demand for foreign low-skilled workers
In order to control that the complementarity is stronger between the firm's capital intensity and its use of foreign high-skilled workers than between the firm's capital intensity and its use of foreign low-skilled workers, we use the number of low-skilled workers in the firm as our dependent variable (Table A5 , specification 1). Interestingly, we also find a relation of complementarity between the firm's capital intensity and its use of foreign low-skilled workers. We find that a marginal increase of the capital intensity by 1% entails an increase in the use of foreign low-skilled workers by 0.0719 unit (Table A5 , specification 1′). However, the degree of complementarity is higher between the capital intensity and the use of foreign high-skilled workers; to every increase in the capital intensity by 1% corresponds an increase in the use of foreign high-skilled workers by 0.222 unit (Table 3 , specification 2′). One may think that this important complementarity between the capital intensity and the use of foreign low-skilled workers may be related to MNEs coming from developing Notes: Standard errors in parentheses. Column (1′) presents the marginal effects at the mean values of the predictors based on specification 1. *** and ** denote significance at the 1 and 5% level, respectively. countries such as India or China. Those firms show little local integration and few linkages to domestic firms. Morrissey and Zgovu (2011) underlines that Chinese firms settling in Africa import all necessary equipment, skilled and unskilled labour from China, taking low benefits for the local economies. However, our result is not related to the origin country of the foreign firm as we include origin region dummies in our specifications.
A.5. Interpretation of the interaction effect
We follow Berry et al. (2012) and Brambor et al. (2006) to interpret the interaction term that we add to our model. Figure A1 indicates how the marginal effect of the age of the firm ðln Age nij Þ on our dependent variable, changes with the skilled labour endowment of the firm's operating country ðSkill j Þ. Any point on the solid line is given by ½@ðln λ nij Þ=@ðln Age nij Þ ¼ β a þ β b Skill j ; where β a is the coefficient of the variable ln Age nij ; and β b is the coefficient of the interaction ln Age nij Ã Skill j : The dotted lines represent a 95% confidence interval. The variable ln Age nij has a statistically significant effect on the employment of foreign high-skilled workers (conditional on the variable Skill j ), when the upper and lower bounds of the confidence interval are both above or below the zero line. The vertical axe on the right is for the histogram which depicts the distribution of observations for the variable Skill j . Here, the variable ln Age nij has a significant and positive effect on the employment of foreign high-skilled workers, when the endowment in skilled labour is below 2.7. This positive effect declines when the variable Skill j gets higher. The variable ln Age nij has a significant and negative effect on the employment of foreign high-skilled workers, when the variable Skill j is at least equal to 3.3. This negative effect increases when the endowment in skilled labour gets higher. 
A.6. Robustness tests
We realise different robustness checks using alternative specifications and alternative empirical models. Table A6 presents our results. Notes: Standard errors in parentheses. Note that the dependent variable used in the Tobit model is the share of foreign skilled workers with respect to the full workforce. ***, ** and * denote significance at the 1, 5 and 10% level, respectively.
A.7. Endogeneity tests
We perform a two-step exponential GMM to control for a possible endogeneity bias between our dependent variable and the size of the firm measured as the total number of full-time employees. We present the results in Table A7 . In specification 1, we instrument the size by the number of full-time low-skilled workers employed by the firm, and its operating costs during the last financial year such as rent and telecommunication. 20 In specification 2, we use the number of full-time mid-skilled workers employed by the firm and its operating costs during the last financial year. Table A8 shows the correlation between the chosen instruments, the dependent variable, and the initial proxy for the size of the firm. Notes: Robust standard errors in parentheses. ***, ** and * denote significance at the 1, 5 and 10 level, respectively.
20 The latter variable comes from the UNIDO Africa Investor Survey 2010. 
